Abstract-In this paper a fuzzy logic controller was developed for a parabolic dish antenna system. Friction is one of the disturbances associated such systems and was represented with dead zone in the Simulink block. The effect of the disturbance due to the friction was investigated by simulation using Simulink/MATLAB 2012a software. The results obtained from the system with the fuzzy logic controller were compared with the ones obtained with equivalent proportional derivative controller and it showed that with the fuzzy logic controller the system had better performance and also demonstrates its ability to reduce the effect of friction in parabolic antenna dish systems and most likely other nonlinearities in such systems.
INTRODUCTION
Control of parabolic dish antenna is an important topic because of its application in some vital areas which are part of the modern breakthrough in technological development. Parabolic dish antennas are used in communication systems, radar systems and radio telescopes [1] .
These antenna systems are sometimes driven by motors. The antenna and the motor due to their movable parts are associated with friction. Friction is a disturbance that has the tendency of disrupting the smooth operation of the dish antenna system. There are ways of reducing the effect of the disturbance mentioned even though sometimes its effects are minimal or may not exist in some systems [2] . Controllers can be used to further suppress these disturbances to the meet the pointing requirements.
Fuzzy logic has become popular in control system design and it is indicating a promising future in control systems development. The fuzzy systems are good in reducing disturbances and nonlinearities in systems. In reality most systems are nonlinear and the fuzzy controller has the ability to subside the effects of nonlinearities and also disturbances existing in systems compared to linear control methods most especially when combined with the sliding mode control technique. Linear controllers can be designed for systems and 978-1-4799-4653-2/14/$31.00 © 2014 IEEE can operate well within the anticipated conditions of operation but significant disturbances or changes in operation parameters may lead to undesirable system responses or even instability. So, fuzzy controllers can be designed to take over the control actions in those ranges with better system performance [3, 4] .
Fuzzy controllers are characterized by relatively high development and maintenance rate. The task of control system design and implementation is usually a team work. The expertise is a combination of: group of experienced field, control systems, hardware and software engineers. The relative ease of the fuzzy logic makes the gap in understanding between them low and fastens the completion of assignments of diagnosis and new control system designs [4] . The fuzzy logic control method was proposed for the position control of parabolic dish antenna system in this work with the aim of eradicating or reducing the effect of friction.
The paper was organized such that section one provides a general introduction of what the work was all about, section two talked on basically the fuzzy logic controller synthesis, the antenna system model and the method used in the work, section three was where the results were presented and also discussions on them were made and finally section four was where conclusion was made regarding the paper.
II. MATERIALS AND METHODS

A. Fuzzy Controller Structure
The fuzzy controller is made up of four major subsections: the fuzzifier, the inference engine, the knowledge base, defuzzifier subsections [3] . μ and ( ) t u , are the input data or error signals, the error signal in a form the fuzzy system understands, the signal after the necessary operations were done on the signal but in fuzzy form and output data or the control signals of the fuzzy logic controller in the form the plant/system understands respectively. The fuzzifier converts the error signals into suitable form that the fuzzy set theory can handle. The required control structures using the fuzzy rules are defined in the knowledge base subsection and it is composed of the: data base and rule base. It is also equipped with intelligence regarding the data at the input of the controller which is/are usually the error signals as well as the desired aim at the output which is usually the actuating signal/data. Information that has to do with the input as well as the output of the fuzzy controller is available at the data base and the rule base handles that of: the membership functions, the fuzzy rules and data in both fuzzy and normal forms. The defuzzifier changes the control signal to a form the plant can understand and serves as its actuating signal [3] [4] [5] .
B. Antenna System Model
The antenna system is a combination of a parabolic dish antenna and a servomotor. The antenna is driven by a direct current field controlled servomotor. Combining equations (1) and (2) and making the field current the subject gives equation (3) . Equation (4) gives the electromechanical torque developed; where, m k is the torque constant. It is also given by equation (5) in terms of the moment of inertia and the friction [7] . Combining equations (4) and (5) and making the output to input ratio the subject gives equation (6) which is the antenna system model. The antenna model used by [8] was used for this study and is as shown by equation (7).
C. Methodology
The fuzzy logic controller was developed using three triangular sugeno type membership functions for the inputs of the controller which are the error and the rate of change of the error signals and are named negative (N), zero (Z) and positive (P). 5 shows the reference signal and unit step response of the system without and with the friction disturbance represented by (REFERENCE SIGNAL), (WITHOUT DEADZONE) and (WITH DEADZONE) respectively. It can be seen that the steady state error was increased up to 0.4 due the effects of friction when the two plots were compared, that is plots 'WITH DEADZONE' and 'WITHOUT DEADZONE'. Fig.6 is the unit step response of the system with the fuzzy logic controller (FUZZY) and the Proportional Derivative (PD) controller. Comparing the responses with that of the system without the controller in Fig.5 (WITHOUT DEADZONE), it can be seen that the system response was improved in terms of peak overshoots, settling times and rise times. Fig.7 is the unit step response with the controllers and the dead band of low and high band values of -0.5 and 0.5. Fig.8 is the unit step response and the dead band of low and high band values -0.5 and 0.1. Fig.9 is the unit step response and the dead band of low and high band values of -0.2 and 0.4.Therefore, it can be seen that from Figs. (7), (8) and (9) ,the fuzzy logic controller responses has better steady state errors which is zero or very close to zero in all the scenarios. This also confirms the ability of the fuzzy controller in reducing nonlinearities in systems. 
IV. CONCLUSION
In this paper, the use fuzzy logic controller was exploited for the position control of parabolic dish antenna system, with the principal disturbance in focus being frictional force which is nonlinear in reality. The system was simulated using the Simulink/MATLAB software. Results showed that the fuzzy controller is capable of eradicating the disturbance and even others more than the conventional proportional derivative linear controller. In this study the simplest form of fuzzy logic controller was used, meaning that more higher or other complex fuzzy logic systems may yield better results and effort will be made to explore such possibilities in subsequent works.
